ABSTRACT A study was carried out to evaluate the effect of storage duration of corn on its chemical composition (DM, protein, fat, amino acids, and fatty acids) and nutritional value for chicks, with an emphasis on AME n . Freshly harvested whole grains were stored for 110 mo in covered galvanized iron cans, kept inside a storehouse. The AME n content of the grains was determined in 10 experiments in which the corn was incorporated in a diet designated for the evaluation of AME n by the substitution method. These determinations
INTRODUCTION
In the course of various experiments carried out here during the last 20 yr it was noticed that the actual AME n values of diets based on corn were consistently lower (9.7% average difference) than the calculated ones (unpublished data). Grains, which are the main source of energy in diets used for poultry, might be stored for periods that can extend to several years before being used. The effect of storage duration on the nutritional value of grains was evaluated particularly from aspects of utilization of their proteins (Cabell and Ellis, 1955; Koch and Meyer, 1957; Pomeranz, 1974) . Moreover, barley and wheat were used in most of these studies, which were carried out mainly with rats. The data obtained demonstrated that storage under adequate dry conditions does not alter the value of these grains as a source of protein; however, in a few of the studies, the length of storage had an adverse effect on protein utilization. The effect of storage on the energy value of the grains received less attention. Cabell and Ellis (1955) reported that when corn was used as a source of energy in diets fed to rats, no loss in feeding value was found in were carried out with male broiler chicks at 15 to 17 d of age.
The chemical composition of the grains did not change during storage, except for a significant (P < 0.02) increase in lysine and a decrease in valine levels. Moreover, the AME n content was not affected significantly (P > 0.05) by storage duration. It is concluded, therefore, that storing corn grains for 110 mo, under proper conditions, does not adversely affect their nutritional value.
1996 Poultry Science 75:1524-1527 samples stored up to 6 yr. On the other hand, Pomeranz (1974) noted that storage may result in a decrease in the fat content of the grains and an increase in their free fatty acids, factors that may reduce their energy content. To the best of our knowledge, the effect of storage duration on the nutritional value of grains for poultry has not been investigated.
The present study was undertaken, therefore, to evaluate the effect of storage duration of corn on its nutritional value, with an emphasis on AME n content, for young male broiler chicks.
MATERIALS AND METHODS

Corn
A local strain of yellow corn was obtained from the field just after harvesting and stored, as whole grains, in covered galvanized iron cans, 40 kg per can, kept inside a storehouse. The corn was transferred, once a month, from can to can for aeration, and treated with phosphine 2 after 1, 11, 20, 25, 34, 55, 61 , and 107 mo of storage (at which time insect activity was observed). Before each of the feeding experiments, a representative sample of grain was ground and incorporated in the experimental diet (see below).
Birds and Diets
Day-old White Rock (commercial Cobb) male chicks were used in the 10 experiments of this study. The birds (Key words: corn, storage duration, nutritional value, apparent metabolizable energy, broiler chick) 3 Average ± SE of the diets used in the 10 experiments of the study.
were raised in electrically heated battery brooders placed in a temperature-controlled (25 C) room. Light was provided continuously. After a preparatory period of 6 to 8 d (in the various experiments), when the chicks were fed on a commercial starter diet (3,079 kcal/kg and 21.5% CP), two-thirds of the chicks (those closest to the average weight) were wing-banded and divided into eight groups of 10 chicks each according to body weight. Both mean group weights and individual weight distribution were equal within the groups. Four such groups were assigned to each of the two diets (reference and test) described in Table 1 . These diets were formulated for the determination of AME n in the corn by the substitution method according to Matterson et al. (1965) . Thus, the corn was incorporated in the reference diet at a concentration of 38.52%, at the expense of the entire diet excluding the constant ingredients (test diet). The sorghum and the soybean meal used in the various experiments were from different commercial sources. No information on the varieties and storage conditions of these ingredients was available. The experimental diets, in mash form, and water were provided for ad libitum intake.
Management
The AME n content of the corn was determined in balance studies after 6,16,29,39,46,58,67,83,96, and 110 mo of grain storage. For technical reasons, it was impossible to start these determinations at zero time or earlier than 6 mo after harvesting. The 72-h period of the balance started 9 d after the onset of feeding the experimental diets, i.e., at 15 to 17 d of age.
Analyses
The nitrogen contents of the corn (after 0, 6, 29, 39, 46, 58, 67, 83, 96 , and 110 mo of storage), diets, and excreta were determined using a Kjeltec Auto 1030 Analyzer.
3
Amino acid composition of the corn (after 0, 58, and 110 mo of storage) was determined by AminoLab 4 in hydrolysates prepared according to Robel (1973) and Gehrke et al. (1985) using ion-exchange chromatography, basically according to Moore and Stein (1951) . Moisture contents of the corn (at arrival and preceding the 10 feeding experiments), diets, and excreta were determined at 105 C for 16 h. Feed and dried excreta were analyzed for gross energy using an adiabatic oxygen bomb calorimeter.
5 Fat content in corn (after 0, 46, 58, 67, 83, 96, and 110 mo of storage) was determined gravimetrically in 20-g samples of ground corn after extraction with diethyl ether in a Soxhlet apparatus for 6 h, basically according to the Association of Official Analytical Chemists method (1980) . Fatty acid composition of the corn (after 0, 46, 80, and 110 mo of storage) was determined after transmethylation of their fat with 5% (vol/vol) H2SO4 in methanol at 70 C for 1 h and extraction of the methyl esters by petroleum ether (60 to 80 C). The esters were submitted to gas liquid chromatography on guaranteed performance (GP) 3% Supelco (SP)-2310/2% SP-2300 on 100/120 Chromsorb® W acid washed (AW).6
Statistical Analysis
Dietary AME n values were calculated as described by Sibbald et al. (1960) except for changes due to the use of the total collection method. The AME n of the corn (AME n C) (kilocalories per kilogram) was calculated according to the following equation:
AMET -0.6 x AME R where AME n T = AME n (kilocalories per kilogram) in the test diet and AME n R = AME n in the reference diet. The coefficients 0.6 and 0.3852 represent the percentage of the energy yielding ingredients of the reference diet and the corn, respectively, in the test diet. Standard errors of the AME n content of the corn determined in each of the experiments were calculated from the standard errors of the test and reference diets according to Cochran and Cox (1957) .
The effect of storage duration on the concentration of the nutrients in the corn and on their AME n content was determined by regression analysis (Snedecor and Cochran, 1967) . The significance of b (slope) in these regressions was evaluated by the t test. Significance was claimed when P was less than 5%.
RESULTS AND DISCUSSION
Dry matter, protein, and fat content of the corn did not change from 0 to 110 mo of storage ( Table 2 ). The same was true regarding the profiles of amino acids (except for an unexplainable significant decrease and increase in valine and lysine levels, respectively) and fatty acids. These data demonstrate that the chemical composition of corn kept under good conditions is relatively stable for at least up to 110 mo of storage. The importance of storage conditions on the nutritional value of corn kernels is worth noting, as keeping ground corn with 15% moisture content for even 2 mo, markedly decreased its fat concentration (Bartov et al, 1982) .
The analyzed AME n values of the reference and test diets used in the 10 experiments were in relatively good agreement with the calculated values (Table 1) . Data on AME n values of the corn obtained during the course of the study are presented in Table 3 . The values ranged from 3,061 to 3,473 kcal/kg. We have no explanation for the low AME n value that was observed at the first determination, after 6 mo of storage. At that time, however, the AME n value of the corn was determined also by its substitution for glucose according to Hill et al. (1960) , and a similar low value (3,087 ± 54.9 kcal/kg) was found. Unexplained low and high values were also observed after 67 and 83 mo of storage, respectively. However, it is worth noting that AME n values of the corn in most of the determinations, except for those carried out after 6 and 83 mo of storage, were in the range of + 5% of the average value (3,275 kcal/kg). The regression analysis demonstrated that there was no significant change in AME n values of the corn over time (P > 0.05) ( Table 2) . 061 ± 63.7 3,175 ± 36.5 3,302 ± 45.0 3,237 ± 48.5 3,411 ± 34.7 3,281 ± 34.2 3,115 ± 53.6 3,473 ± 76.3 3,326 ± 38.3 3,372 ± 59.4 3,275 ± 41.3 Calculated from the AME n values of the reference and the corncontaining diets ± SE.
The data obtained in the present study demonstrate clearly that storage duration per se of corn kernels for up to 110 mo under proper conditions, does not adversely affect the concentration of their main nutrients and AME n content.
